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DISTINGUISHING BETWEEN MARITIME
TARGETS AND CLUTTER IN
RANGE-DOPPLER MAPS

BACKGROUND INFORMATION

1. Field

The present disclosure relates generally to processing radar
images and, 1n particular, to detecting targets within radar
images. Still more particularly, the present disclosure relates
to a method for distinguishing between maritime targets and
clutter within radar 1mages.

2. Background

Radar systems are widely used in performing operations
such as, for example, without limitation, target detection,
target tracking, traffic momtoring, weapon targeting, and
other types of operations. In particular, radar systems are
oftentimes used 1n performing maritime operations such as,
for example, without limitation, ship detection, ship tracking,
ship traific monitoring, and other types of maritime opera-
tions.

For example, aradar system may be used to generate one or
more radar images that may, in turn, be used to detect the
presence ol one or more objects of interest. The radar 1images
generated may be, for example, range-Doppler maps. As one
illustrative example, a radar system, such as a synthetic aper-
ture radar (SAR) system, may be mounted to an unmanned
aerial vehicle (UAV) or some other type of aircraft. The
synthetic aperture radar system may be used to generate
range-Doppler maps ol the sea as the unmanned aerial vehicle
flies over the sea. These range-Doppler maps may then be
used to detect the presence of objects of interest at sea such as,
for example, ships. In some cases, these range-Doppler maps
may be used to track the movement of objects of interest over
time.

As used herein, a “target” 1n a range-Doppler map repre-
sents an object of interest that the radar system 1s intended to
detect. Oftentimes, a target, such as a ship, appears as a bright
vertical line 1n a range-Doppler map. However, clutter may
also appear as one or more bright vertical lines in a range-
Doppler map. Consequently, distinguishing between targets
and clutter may be more difficult than desired.

As used herein, “clutter” in a range-Doppler map includes
any indications within the range-Doppler map that do not
represent the object of interest. Clutter may be caused by any
number of factors. For example, clutter may be generated in
response to undesired contributions to the return signal
received by the radar system. Further, clutter may be gener-
ated 1n response to, for example, without limitation, object
echoes, jamming signals, noise, unintentional interference,
atmospheric interface, sea clutter such as moving sea wave
crests, and/or other types of contributions.

Some currently available image processing techniques
may be unable to distinguish between targets and clutter with
a desired level of accuracy. For example, some currently
available 1image processing techniques use line detection and
adaptive thresholding to detect targets. However, these tech-
niques may produce a higher rate of false detections, or false
alarms, than desired. Consequently, the detections made by
these types of image processing techniques may be less usetul
than desired for ship detection, ship tracking, and/or other
types of applications. Therefore, 1t would be desirable to have
a method and apparatus that takes into account at least some

of the 1ssues discussed above, as well as other possible 1ssues.

SUMMARY

In one 1illustrative embodiment, a method 1s provided. A
number of bright pixels are identified 1n the 1mage. Each of
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the number of bright pixels belongs to a line detected 1n the
image 1n which the line represents a candidate for a target. A

number of feature vectors are i1dentified for the number of
bright pixels in the 1mage. Each of the number of feature
vectors 1s classified as one of a target vector representing the
target and a clutter vector representing clutter.

In another illustrative embodiment, a target detector com-
prises a line detector and a classifier. The line detector 1s
configured to identity a number of bright pixels 1n the 1image.
Each of the number of bright pixels belongs to a line that
represents a candidate for a target. The classifier 1s configured
to 1dentify a number of feature vectors for the number of
bright pixels 1n the 1mage and classity each of the number of
feature vectors as one of a target vector representing the target
and a clutter vector representing clutter.

In yet another illustrative embodiment, a target detection
system comprises a radar system and a target detector. The
radar system 1s configured to generate a radar image. The
target detector 1s configured to 1dentity a number of bright
pixels 1n the radar image. Each of the number of bright pixels
belongs to a line that represents a candidate for a target. The
target detector 1s further configured to i1dentity a number of
feature vectors for the number of bright pixels in the radar
image. The target detector 1s further configured to classity
cach of the number of feature vectors as one of a target vector
representing the target and a clutter vector representing clut-
ter.

The features and functions can be achieved independently
in various embodiments of the present disclosure or may be
combined 1n yet other embodiments in which further details
can be seen with reference to the following description and
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The patent or application file contains at least one drawing,
executed 1n color. Copies of this patent or patent application
publication with color drawings(s) will be provided by the
Office upon request and payment of the necessary fee.

The novel features believed characteristic of the illustrative
embodiments are set forth 1n the appended claims. The 1llus-
trative embodiments, however, as well as a preferred mode of
use, further objectives and features thereof, will best be
understood by reference to the following detailed description
of an illustrative embodiment of the present disclosure when
read 1 conjunction with the accompanying drawings,
wherein:

FIG. 1 1s an 1llustration of an 1image processing environ-
ment 1n the form of a block diagram 1n accordance with an
illustrative embodiment;

FIG. 2 1s an illustration of an infrared 1image 1n accordance
with an illustrative embodiment;

FIG. 3 1s an 1llustration of a range-Doppler map 1n accor-
dance with an 1llustrative embodiment;

FIG. 4 1s an illustration of a range-Doppler map in accor-
dance with an 1llustrative embodiment;

FIG. 5 1s another 1llustration of a range-Doppler map 1n
accordance with an 1llustrative embodiment;

FIG. 6 1s another illustration of a range-Doppler map 1n
accordance with an illustrative embodiment;

FIG. 7 1s yet another 1llustration of a range-Doppler map 1n
accordance with an illustrative embodiment;

FIG. 8 1s an illustration of feature vectors identified for a
bright line in accordance with an illustrative embodiment;

FIG. 9 1s an 1llustration of a process for detecting targets 1n
images 1n the form of a flowchart in accordance with an
illustrative embodiment;
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FIG. 10 1s an illustration of a process for detecting targets
in 1mages in the form of a flowchart; and

FIG. 11 1s an 1llustration of a data processing system 1n the
form of a block diagram in accordance with an 1illustrative
embodiment.

DETAILED DESCRIPTION

The illustrative embodiments recognize and take into
account different considerations. For example, the 1llustrative
embodiments recognize and take into account that it may be
desirable to have a method for detecting targets and, 1n par-
ticular, maritime targets, using radar images. As used herein,
a “maritime target” 1s a target that 1s connected to the sea,
related to the sea, and/or located at or around the sea.

In particular, the 1llustrative embodiments recognize and
take into account that having a method for distinguishing
between maritime targets and clutter with a desired level of
accuracy may improve target detection and tracking. Thus,
the illustrative embodiments provide a method for detecting
lines 1n radar 1images and determining which of these lines
represent maritime targets and which lines represent clutter.

Referring now to the figures and, 1n particular, with refer-
ence to FIG. 1, an 1llustration of an image processing envi-
ronment in the form of a block diagram 1s depicted 1n accor-
dance with an illustrative embodiment. In FIG. 1, the image
processing environment 100 includes an 1mage processor
102. The image processor 102 1s configured to process images
104 generated by an 1imaging system 106.

In these illustrative examples, the 1imaging system 106
takes the form of a radar system 108 that generates 1mages
104 in the form of radar images 110. In one illustrative
example, these radar images 110 take the form of range-
Doppler maps 111. Range-Doppler maps 111 may be gener-
ated based on other types of radar images, such as, for
example, without limitation, synthetic aperture radar (SAR)
images. Each one of range-Doppler maps 111 may be com-
prised of pixels 114 arranged 1n rows and columns.

The mmage processor 102 1s configured to receive the
range-Doppler maps 111 generated by the radar system 108
and perform target detection. Depending on the implementa-
tion, the 1mage processor 102 may be implemented using
hardware, software, or a combination of the two. As one
illustrative example, the 1mage processor 102 may be imple-
mented using a computer system 116. The computer system
116 may be comprised of one or more computers. When more
than one computer 1s present 1n the computer system 116,
these computers may be 1n communication with each other.

As depicted, the image processor 102 includes a target
detector 118 that 1s configured to perform the target detection.
In some cases, the target detector 118 and the radar system
108 may be together considered a target detection system.
The target detector 118 may include a scaling unit 120, a line
detector 121, and a classifier 122.

The target detector 118 1s configured to receive the range-
Doppler maps 111 generated by the radar system 108 for
processing. For example, the target detector 118 receives a
range-Doppler map 112 for processing. The target detector
118 1dentifies pixel values 123 for the pixels 114 1n the range-
Doppler map 112. The pixel values 123 may comprise inten-
sity values 124 1n these examples.

The scaling umit 120 1n the target detector 118 may be
configured to scale the pixel values 123 to form modified
pixel values 125, which may also be referred to as scaled pixel
values. More specifically, the scaling unit 120 may scale the
intensity values 124 to form modified intensity values 126,
which may also be referred to as scaled intensity values.
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The scaling unit 120 may use a scaling algorithm to per-
form this scaling. The scaling may be performed to ensure
that the mean of the itensity values 124 of the pixels 114 in
the range-Doppler map 112 1s within a selected range. Scaling
may allow improved performance of the line detection per-
tformed by the line detector 121.

In one 1llustrative example, each of the intensity values 124
may be a value between 0 and 256. A higher intensity value
may mean a brighter pixel. The scaling unit 120 may scale
cach of the intensity values 124 by dividing the intensity value
by a mean of the itensity values 124 and then multiplying
this result by a selected scaling factor. The scaling factor may
be, for example, without limitation, 20, 30, 40, 50, or some
other type of scaling factor.

Once the modified 1ntensity values 126 have been gener-
ated, the line detector 121 uses the modified intensity values
126 to identify a number of bright lines 128 in the range-
Doppler map 112. As used herein, a “number of” 1tems may
be one or more items. In this manner, a number of bright lines
128 may be one or more bright lines.

A “bright line,” as used herein, may comprise one or more
bright pixels. The line detector 121 may identify each pixel in
the range-Doppler map 112 having a modified intensity
value, or scaled intensity value, within a selected range 127 as
a bright pixel. For example, the line detector 121 may i1dentity
cach pixel 1n the range-Doppler map 112 having a modified
intensity value above a selected threshold 129 as a bright
pixel.

When one or more bright pixels are consecutively located
within the same column 1n the range-Doppler map 112, these
bright pixels may be referred to as a bright line. In other
words, a bright line 1s a vertical line of one or more bright
pixels. More specifically, each of the bright lines 128 may
represent a vector of one or more detected bright pixels. In
this manner, the one or more bright lines 128 detected by the
line detector 121 may be comprised of a number of bright
pixels 130.

As depicted, the bright lines 128 may represent a number of
candidates 132. For example, a bright line 133 identified by
the line detector 121 may be comprised of a corresponding set
of bright pixels 134. As used herein, a “set of” 1tems may be
one or more 1items. In this manner, a set of bright pixels 134
may be one or more pixels. Further, this bright line 133 may
represent a candidate 135. This candidate 135 may be an
indication within the range-Doppler map 112 that 1s either a
target 136 or clutter 138.

As used herein, a target 136 1s an 1indication in the range-
Doppler map 112 that represents an object of interest that 1s to
be detected. For example, the target 136 may be a maritime
target, such as a ship. The clutter 138, as used herein, 1s an
indication 1n the range-Doppler map 112 that does not repre-
sent the object of interest. Rather, the clutter 138 may be an
undesired or unwanted indication.

The clutter 138 may be caused by any number of factors.
For example, the clutter 138 may be generated 1n response to
undesired contributions to the return signal received by the
radar system. The clutter 138 may be generated 1n response
to, for example, without limitation, object echoes, jamming
signals, noise, unintentional interference, atmospheric inter-
face, sea clutter such as moving sea wave crests, and/or other
types of contributions. In some cases, the clutter 138 may be
an artifact produced by the imaging process itsellf.

In some cases, the corresponding set of bright pixels 134
that form a bright line 133 may represent both a target and
clutter 138. The classifier 122 1n the target detector 118 1s
configured to distinguish which pixels, if any, 1n the corre-
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sponding set of bright pixels 134 represent a target 136 and
which pixels, 11 any, 1n the corresponding set of bright pixels

134 represent clutter 138.

Once the bright lines 128 have been 1dentified by the line
detector, the classifier 122 processes the bright pixels 130
using a number of parameters 150. These parameters 150 may
include at least one of an upper image bound, a lower image
bound, a line width, and symmetry.

The upper 1mage bound may be, for example, without
limitation, a row of the pixels 114 1n the range-Doppler map
112 above which pixels should not be considered as repre-
senting a target. Similarly, the lower image bound may be, for
example, without limitation, a row of the pixels 114 1n the
range-Doppler map 112 below which pixels should not be
considered as representing a target. The classifier 122 may be
configured to remove any of the bright pixels 130 above the
upper 1image bound or below the lower image bound from
consideration as potentially representing a target.

With respect to the parameter of the line width, the classi-
fier 122 may be configured to remove the portion of the bright
pixels 130 belonging to any of the bright lines 128 that have
a width greater than the line width from consideration as
potentially representing a target. The line width may be, for
example, without limitation, one column.

With respect to the parameter of symmetry, the classifier
122 1s configured to remove any of the bright lines 128 that
form a symmetrical pair within the range-Doppler map 112
from consideration as representing a target. More specifi-
cally, two bright lines that are horizontally symmetric within
the range-Doppler map with respect to a center line may be
removed from consideration as representing a target.

In this manner, the classifier 122 uses the parameters 150 to
form a filtered set of bright lines 152 comprising a filtered set
of bright pixels 154. The filtered set of bright lines 152
includes the subset of the bright lines 128 not filtered out by
the classifier 122 based on the parameters 150. Simailarly, the
filtered set of bright pixels 154 includes the subset of the
bright pixels 130 not filtered out by the classifier 122 based o
the parameters 150.

The classifier 122 1dentifies a feature vector for each bright
pixel of the filtered set of bright pixels 154 to form a number
of feature vectors 156. As used herein, the “feature vector” for
a bright pixel 1s the row of pixels in the range-Doppler map
112 having a selected width centered at the bright pixel.

Each of the feature vectors 156 may be classified as one of
a target vector representing a target and a clutter vector rep-
resenting clutter. A target vector 1s a feature vector centered at
a bright pixel representing a target. A clutter vector 1s a feature
vector centered at a bright pixel representing clutter.

The classification of the feature vectors 156 as target vec-
tors and clutter vectors may be performed using, for example,
a maximum-likelithood estimation algorithm. In one 1llustra-
tive example, this maximum-likelihood estimation algorithm
takes the form of an expectation maximization algorithm 162.
The classifier 122 may classity the feature vectors 156 into a
set of target vectors 138 and a set of clutter vectors 160 using
the expectation maximization algorithm 162.

The classifier 122 outputs target data 164 based on the
classification of the feature vectors 156 as target vectors and
clutter vectors. The target data 164 may indicate which of the
bright pixels 130 belong to bright lines representing targets
and which of the bright pixels 130 belong to bright lines
representing clutter.

This target data 164 may be used to perform a number of
different operations. For example, the target data 164 gener-
ated by the classifier 122 for each of the range-Doppler maps
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111 recerved may be sent to a target tracker 166 1n the 1mage
processor 102 and used to track targets.

The 1llustration of image processing environment 100 1n
FIG. 1 1s not meant to imply physical or architectural limita-
tions to the manner 1n which an 1llustrative embodiment may
be implemented. Other components 1n addition to or in place
of the ones 1llustrated may be used. Some components may be
optional. Also, the blocks are presented to illustrate some
functional components. One or more of these blocks may be
combined, divided, or combined and divided into different
blocks when implemented 1n an illustrative embodiment.

For example, 1in some 1llustrative examples, the pixel val-
ues 123 may not be scaled by the scaling unit 120 prior to
being processed by the line detector 121. In other words, the

scaling umit 120 may be optional within the target detector
118.

With reference now to FIG. 2, an 1llustration of an infrared
image 1s depicted in accordance with an illustrative embodi-
ment. In FIG. 2, the infrared image 200 1s an example of an
image of actual ships that may be considered objects of inter-
est. The infrared image 200 captures the sea 201, a first ship
202, and a second ship 204. In this illustrative example, the
first ship 202 and the second ship 204 are traveling 1n opposite
directions. A range-Doppler map, such as the range-Doppler
map 112 described in FIG. 1, capturing the first ship 202 and
the second ship 204, i1s depicted below 1n FIG. 3.

Turning now to FIG. 3, an 1llustration of a range-Doppler
map 1s depicted 1n accordance with an 1llustrative embodi-
ment. In FIG. 3, the range-Doppler map 300 1s an example of
one 1mplementation for the range-Doppler map 112
described in FIG. 1. This range-Doppler map 300 captures the
first ship 202 and the second ship 204 seen in the infrared
image 200 1n FIG. 2.

As depicted, the range-Doppler map 300 may be com-
prised of rows of pixels arranged 1n a horizontal direction 302
and columns of pixels arranged 1n a vertical direction 304.
The horizontal direction 302 represents velocity, while the
vertical direction 304 represents range. Bright lines 306 have
been detected within the range-Doppler map 300. These
bright lines 306 may have been detected by, for example,
without limitation, the line detector 121 described 1n FIG. 1.

The classifier 122 described 1n FIG. 1 may be used to
determine which of these bright lines 306 and/or which por-
tions of these bright lines 306 represent targets and which of
these bright lines 306 and/or which portions of these bright
lines 306 represent clutter.

With reference now to FIG. 4, an 1llustration of the range-
Doppler map 300 from FIG. 3 1s depicted 1n accordance with
an 1llustrative embodiment. As depicted, the classifier 122
from FIG. 1 has determined that only a first bright line 402
and a second bright line 404 of the bright lines 306 have been
identified as targets.

Turning now to FIG. 5, an 1llustration of a range-Doppler
map 1s depicted 1n accordance with an 1llustrative embodi-
ment. In this 1llustrative example, the range-Doppler map 500
1s an example of one implementation for the range-Doppler
map 112 described in FIG. 1. A line 502 has been identified in
the range-Doppler map 500. A first portion 504 of the line 502
1s the only portion that represents a target. A second portion
506 of the line 502 represents clutter.

With reference now to FIG. 6, an 1llustration of a range-
Doppler map 1s depicted in accordance with an 1illustrative
embodiment. In this 1llustrative example, the range-Doppler
map 600 1s an example of one implementation for the range-
Doppler map 112 described 1n FIG. 1. As depicted, a first line
602 and a second line 604 have been detected.
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Prior to classification of these lines, an upper image bound
606 and a lower image bound 608 may be used to process the
range-Doppler map 600. The upper image bound 606 and the
lower 1mage bound 608 may be examples of the parameters
150 described 1n FIG. 1. Any lines that are found entirely
above the upper image bound 606 or entirely below the lower
image bound 608 may be removed from consideration as
representing a target. In this manner, the second line 604 may
be removed from consideration as representing a target. How-
ever, any line that 1s not entirely above the upper image bound
606 or entirely below the lower image bound 608 may still be
considered as potentially representing a target.

With reference now to FIG. 7, yet another 1llustration of a
range-Doppler map 1s depicted 1n accordance with an illus-
trative embodiment. In this illustrative example, the range-
Doppler map 700 1s an example of one implementation for the
range-Doppler map 112 described in FIG. 1. When the range-

Doppler map 112 1s processed by the line detector 121
described 1n FIG. 1, bright lines 702 may be detected.

However, when processed by the classifier 122, only one
bright line 704 1s revealed as representing a target. The clas-
sifier 122 may remove all lines having horizontal compo-
nents, or widths greater than one column, from consideration
as representing targets.

With reference now to FIG. 8, an illustration of feature
vectors 1dentified for a bright line 1s depicted 1n accordance
with an 1llustrative embodiment. In this illustrative example,
a bright line 800 may be i1dentified by the line detector 121 1n
FIG. 1. The classifier 122 in FIG. 1 may be configured to
identily feature vectors for each of the bright pixels that form
the bright line 800.

As depicted, feature vectors 802 may be 1dentified for a
portion 803 of the bright pixels in the bright line 800. Feature
vectors 804 may be identified for the portion 8035 of bright
pixels in the bright line 800. Each of the feature vectors 802
and each of the feature vectors 804 may be selected as the row
of pixels centered on the bright pixel 1n the bright line 800
having a selected width. In this example, the selected width
may be five pixels. For example, the first feature vector 806
and the second feature vector 808 may each comprise five
pixels centered on the bright pixel of the bright line 800.

With reference now to FIG. 9, an illustration of a process
for detecting targets 1n 1mages 1s depicted in the form of a
flowchart 1n accordance with an 1llustrative embodiment. The
process illustrated in FIG. 9 may be implemented using target
detector 118 1n FIG. 1.

The process may begin by recetving an 1image from an
imaging system (operation 900). The image recerved may be,
for example, a radar image. In particular, the radar image may
be a range-Doppler image. Next, the process identifies a
number of bright pixels in the image (operation 902). The
number of bright pixels may be the portion of pixels in the
image having intensity values that meet selected intensity
criteria.

Thereafter, the process 1dentifies a feature vector for each
ol the number of bright pixels 1dentified (operation 904). In
operation 904, each feature vector may be based on a row of
the pixels 1n the 1mage having a selected width and centered
at the corresponding bright pixel. The process then classifies
the feature vector for each of the number of bright pixels as
one of a target vector representing a target 1n the image and a
clutter vector representing clutter 1n the 1mage (operation
906). The bright pixels 1in the 1mage with feature vectors
classified as target vectors are identified as representing a
number of targets 1n the image (operation 908), with the
process terminating thereatter.

10

15

20

25

30

35

40

45

50

55

60

65

8

With reference now to FIG. 10, an 1llustration of a process
for detecting targets 1n 1mages 1s depicted 1n the form of a
flowchart 1n accordance with an 1llustrative embodiment. The
process 1illustrated 1n FIG. 10 may be implemented using
target detector 118 1n FIG. 1.

The process begins by recerving a radar image (operation
1000). The process 1dentifies intensity values for all pixels 1n
the radar image (operation 1002). Thereaiter, the pixel values
are scaled using a scaling algorithm to form scaled intensity
values (operation 1004).

The scaling algorithm may comprise the following:

plc, r) .
P(CyF)rtod = Moan x Scaling Factor
where
Cols—1 Rows—1
Z Z plc, r)
Mean = =0 =0

Cols « Rows

where p(c,r)__. .., are the scaled pixel values, p(c,r) are the
pixel values, Scaling_Factor 1s the scaling factor by which the
pixel values are being scaled, Mean 1s the mean pixel value of
all of the pixels in the 1mage, Cols are pixel columns, Rows
are pixel rows, ¢ 1s the selected column, and r 1s the selected
row.

Next, a number of bright lines are detected 1n the radar
image using a line detection algorithm (operation 1006). Each
of the number of bright lines 1s a vertical bright line 1n the
radar image. Further, each of the number of bright lines may
be comprised of at least one bright pixel. In this illustrative
example, a bright line may be a single pixel 1n the radar image
or may be a column of pixels.

A feature vector 1s 1dentified for each bright pixel within
cach of the number of lines (operation 1008). Each of the
feature vectors 1s classified as one of a target vector and a
clutter vector using an expectation maximization algorithm
(operation 1010). In operation 1010, the expectation maximi-
zation algorithm may be used to label each of the feature
vectors as being in one of two groups. The group having the
higher mean center pixel values of the two groups may be
identified as the target group comprising target vectors. The
group having the lower mean center pixel values of the two
groups may be identified as the clutter group comprising
clutter vectors.

The feature vectors classified as target vectors are used to
form target data that may be used for performing any number

of operations (operation 1012), with the process terminating
thereatter.

The flowcharts and block diagrams in the different
depicted embodiments illustrate the architecture, functional-
ity, and operation of some possible implementations of appa-
ratuses and methods 1n an illustrative embodiment. In this
regard, each block in the flowcharts or block diagrams may
represent a module, a segment, a function, and/or a portion of
an operation or step. For example, one or more of the blocks
may be implemented as program code, in hardware, or a
combination o the program code and hardware. When imple-
mented 1n hardware, the hardware may, for example, take the
form of itegrated circuits that are manufactured or config-
ured to perform one or more operations 1n the flowcharts or
block diagrams. When implemented as a combination of pro-
gram code and hardware, the implementation may take the
form of firmware.
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In some alternative implementations of an 1illustrative
embodiment, the function or functions noted in the blocks
may occur out of the order noted 1n the figures. For example,
in some cases, two blocks shown 1n succession may be
executed substantially concurrently, or the blocks may some-
times be performed in the reverse order, depending upon the
tfunctionality mvolved. Also, other blocks may be added 1n
addition to the 1llustrated blocks 1n a flowchart or block dia-
gram.

Turning now to FIG. 11, an illustration of a data processing,
system 1n the form of a block diagram 1s depicted in accor-
dance with an illustrative embodiment. Data processing sys-
tem 1100 may be used to implement one or more computers
in the computer system 116 1n FIG. 1. As depicted, data
processing system 1100 includes communications frame-
work 1102, which provides communications between proces-
sor unit 1104, storage devices 1106, communications unit
1108, mput/output unit 1110, and display 1112. In some
cases, communications framework 1102 may be imple-
mented as a bus system.

Processor unit 1104 1s configured to execute mnstructions
for software to perform a number of operations. Processor
unit 1104 may comprise a number of processors, a multi-
processor core, and/or some other type of processor, depend-
ing on the implementation. In some cases, processor unit
1104 may take the form of a hardware unit, such as a circuit
system, an application specific integrated circuit (ASIC), a
programmable logic device, or some other suitable type of
hardware unat.

Instructions for the operating system, applications, and/or
programs run by processor unit 1104 may be located 1n stor-
age devices 1106. Storage devices 1106 may be 1n commu-
nication with processor umt 1104 through communications
framework 1102. As used herein, a storage device, also
referred to as a computer readable storage device, 1s any piece
of hardware capable of storing information on a temporary
and/or permanent basis. This information may include, but 1s
not limited to, data, program code, and/or other information.

Memory 1114 and persistent storage 1116 are examples of
storage devices 1106. Memory 1114 may take the form of, for
example, a random access memory or some type of volatile or
non-volatile storage device. Persistent storage 1116 may
comprise any number of components or devices. For
example, persistent storage 1116 may comprise a hard drive,
a flash memory, a rewritable optical disk, a rewritable mag-
netic tape, or some combination of the above. The media used
by persistent storage 1116 may or may not be removable.

Communications unit 1108 allows data processing system
1100 to communicate with other data processing systems
and/or devices. Communications unit 1108 may provide
communications using physical and/or wireless communica-
tions links.

Input/output unit 1110 allows input to be recerved from and
output to be sent to other devices connected to data processing
system 1100. For example, input/output unit 1110 may allow
user input to be received through a keyboard, a mouse, and/or
some other type of input device. As another example, iput/
output unit 1110 may allow output to be sent to a printer
connected to data processing system 1100.

Display 1112 1s configured to display information to a user.
Display 1112 may comprise, for example, without limitation,
a monitor, a touch screen, a laser display, a holographic dis-
play, a virtual display device, and/or some other type of
display device.

In this i1llustrative example, the processes of the different
illustrative embodiments may be performed by processor unit
1104 using computer-implemented instructions. These
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instructions may be referred to as program code, computer
usable program code, or computer readable program code and
may be read and executed by one or more processors in
processor unit 1104.
In these examples, program code 1118 1s located 1n a func-
tional form on computer readable media 1120, which 1s selec-
tively removable, and may be loaded onto or transferred to
data processing system 1100 for execution by processor unit
1104. Program code 1118 and computer readable media 1120
together form computer program product 1122. In this illus-
trative example, computer readable media 1120 may be com-
puter readable storage media 1124 or computer readable sig-
nal media 1126.
Computer readable storage media 1124 1s a physical or
tangible storage device used to store program code 1118
rather than a medium that propagates or transmits program
code 1118. Computer readable storage media 1124 may be,
for example, without limitation, an optical or magnetic disk or
a persistent storage device that 1s connected to data process-
ing system 1100.
Alternatively, program code 1118 may be transferred to
data processing system 1100 using computer readable signal
media 1126. Computer readable signal media 1126 may be,
for example, a propagated data signal containing program
code 1118. This data signal may be an electromagnetic signal,
an optical signal, and/or some other type of signal that can be
transmitted over physical and/or wireless communications
links.
The 1llustration of data processing system 1100 in FIG. 11
1s not meant to provide architectural limitations to the manner
in which the illustrative embodiments may be implemented.
The different illustrative embodiments may be implemented
in a data processing system that includes components 1 addi-
tion to or in place of those illustrated for data processing
system 1100. Further, components shown 1n FIG. 11 may be
varied from the illustrative examples shown.
The description of the different illustrative embodiments
has been presented for purposes of illustration and descrip-
tion, and 1s not intended to be exhaustive or limited to the
embodiments 1n the form disclosed. Many modifications and
variations will be apparent to those of ordinary skill 1n the art.
Further, different illustrative embodiments may provide dii-
ferent features as compared to other desirable embodiments.
The embodiment or embodiments selected are chosen and
described 1n order to best explain the principles of the
embodiments, the practical application, and to enable others
of ordinary skill 1n the art to understand the disclosure for
various embodiments with various modifications as are suited
to the particular use contemplated.
What 1s claimed 1s:
1. A method comprising;:
identifying, using an image processor implemented using a
computer system comprising at least computer hard-
ware, a number of bright pixels 1n an 1mage, wherein
cach of the number of bright pixels belongs to a line
detected in the image 1n which the line represents a
candidate for a target;
identifying, using the 1mage processor, a number of feature
vectors for the number of bright pixels 1n the image; and

classitying, using the image processor, each of the number
of feature vectors as one of a target vector representing
the target and a clutter vector representing clutter.

2. The method of claim 1, wherein 1dentifying the number
of bright pixels in the 1mage comprises:

scaling, using the image processor, intensity values of pix-

els in the 1image to form modified intensity values for the
pixels 1in the 1image; and
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selecting, using the 1image processor, a portion of the pixels
in the 1image having a modified pixel value greater than
a selected threshold as the number of bright pixels.

3. The method of claim 1, wherein identifying the number
of feature vectors for the number of bright pixels 1n the image
COMPrises:

selecting, using the image processor, a subset of the num-
ber of bright pixels based on a number of parameters to
form a filtered set of bright pixels; and

identifying, using the 1mage processor, a feature vector for
cach bright pixel in the filtered set of bright pixels,
wherein the feature vector for a bright pixel 1n the {il-
tered set of bright pixels 1s selected as a row of pixels 1n
the 1mage having a selected width centered at the bright
pixel.

4. The method of claim 3, wherein selecting the subset of
the number of bright pixels based on the number of param-
cters to form the filtered set of bright pixels comprises:

selecting, using the 1mage processor, the subset of the
number of bright pixels based on the number of param-
cters to form the filtered set of bright pixels, wherein the
number of parameters imncludes at least one of an upper
image bound, a lower image bound, a line width, and
symmetry.

5. The method of claim 1, wherein classifying the each of
the number of feature vectors comprises:

classitying, using the image processor, the each of the
number of feature vectors as one of the target vector
representing the target and the clutter vector represent-
ing the clutter using a maximume-likelihood estimation
algorithm.

6. The method of claim 1, wherein classifying the each of

the number of feature vectors comprises:

classitying, using the image processor, the each of the
number of feature vectors as one of the target vector
representing the target and the clutter vector represent-
ing the clutter using an expectation maximization algo-
rithm.

7. The method of claim 1 further comprising;:

generating, using the image processor, target data identi-
fying a number of targets in the 1image.

8. A target detector comprising;:

a line detector, implemented using an 1image processor that
1s a computer system comprising at least computer hard-
ware, configured to identify a number of bright pixels in
an 1mage, wherein each of the number of bright pixels
belongs to a line that represents a candidate for a target;
and

a classifier, implemented using the image processor, con-
figured to 1dentily a number of feature vectors for the
number of bright pixels in the image and classity each of
the number of feature vectors as one of a target vector
representing the target and a clutter vector representing
clutter.
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9. The target detector of claim 8 further comprising:

a scaling unit, implemented using the image processor,
configured to scale intensity values of pixels in the
image to form modified intensity values for the pixels 1n
the 1mage.

10. The target detector of claim 9, wherein the line detector
1s Turther configured to select a portion of the pixels 1n the
image having a modified pixel value greater than a selected
threshold as the number of bright pixels.

11. The target detector of claim 8, wherein the classifier 1s
turther configured to select a subset of the number of bright
pixels based on a number of parameters to form a filtered set
of bright pixels and 1dentity a feature vector for each bright
pixel 1n the filtered set of bright pixels.

12. The target detector of claim 11, wherein the feature
vector for a bright pixel i the filtered set of bright pixels 1s
selected as a row of pixels 1n the image having a selected
width centered at the bright pixel.

13. The target detector of claim 11, wherein the number of
parameters mcludes at least one of an upper image bound, a
lower 1image bound, a line width, and symmetry.

14. The target detector of claim 8, wherein the classifier 1s
configured to classily the number of feature vectors using a
maximum-likelihood estimation algorithm.

15. The target detector of claim 14, wherein the maximum-
likelihood estimation algorithm 1s an expectation maximiza-
tion algorithm.

16. The target detector of claim 8, wherein the target detec-
tor 1s configured to recetve the image from a radar system.

17. The target detector of claim 8, wherein the 1mage 1s a
radar image.

18. The target detector of claim 17, wherein the radar
image 1s a range-Doppler map and wherein the target i1s a
maritime target.

19. A target detection system comprising:

a radar system configured to generate a radar 1image; and

a target detector, implemented using an 1mage processor
that 1s a computer system comprising at least computer
hardware, configured to identify a number of bright pix-
els 1n the radar image, wherein each of the number of
bright pixels belongs to a line that represents a candidate
for a target; identily a number of feature vectors for the
number of bright pixels 1n the radar image; and classity
cach of the number of feature vectors as one of a target
vector representing the target and a clutter vector repre-
senting clutter.

20. The target detector of claim 19, wherein the target

detector further comprises:

a scaling unit, implemented using the image processor,
configured to scale intensity values of pixels in the radar
image to form modified intensity values for the pixels n
the radar 1image.
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